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Abstract 
Increasing EU's Gross domestic expenditure on research and development (R&D) at 3% of the GDP is one of the five EU 
headline targets included in Europe 2020 strategy. Higher R&D investments in member states, as well as the design and 
implementation of adequate national research and development policies should not only reduce disparities with respect to R&D, 
but also foster economic growth and stimulate convergence. Romanian national strategies also acknowledge R&D as a priority 
sector, given its potential to increase labour productivity, competitiveness and economic growth, but up to now there is low 
convergence of the Romanian R&D system with the European one. In this context, our paper aims to assess the time required to 
close the gaps in research and development between Romania and the EU by means of catching-up computational methods. We 
analyze the likelihood of equalizing EU average using data on various indicators in the R&D field over 2005-2012. The 
necessary growth rate to achieve this goal is estimated under different scenarios: pessimistic, realistic and optimistic. We found 
that the time span required to fill the Romanian R&D system’s gaps against EU varies between 5 and 25 years, depending on the 
indicator considered. Unfortunately, there are also R&D indicators for which the gaps got larger over 2005-2012, therefore 
catching-up is unlikely on the short run. As regards the Summary Innovation Index, efforts to equalize EU-28 average would be 
considerable since Romania should increase its annual SII rhythm of growth by four times, even in the pessimistic scenario of 30 
years time horizon. 
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1. Introduction 
Romanian national strategies acknowledge R&D as a priority sector that has a high potential to increase labour 
productivity, competitiveness and economic growth. In the current context marked by the persistent problems 
following the recent economic crisis “Economic recovery and long-term growth, technological performance of 
Romanian economy imposed by strong competition at European and global level depends on the answers offered by 
researchers to actual problems” (Sandu, 2010). Therefore it is crucial to provide adequate support for the R&D 
system, as well as to choose the appropriate tools for transposing the research results in products and services able to 
support economic development.  
 
 
 
Fig. 1. Evolution of Summary innovation index, Romania against EU-28 average, 2006-2013 
Source: processed by authors using Eurostat online tools available at http://ec.europa.eu/enterprise/policies/innovation/policy/innovation-
scoreboard/2014/index_en.htm 
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Efforts had been made to provide sufficient resources for the R&D sector†, to increase its performance and to 
transfer rapidly the knowledge results into economy. Unfortunately, there are still huge gaps between Romania and 
EU in terms of R&D resources and performance and up to now there is little convergence of the Romanian R&D 
system with the European one (Figure 1).  
Previous studies on the problems of the R&D field in Romania revealed the challenges related to the provision of 
financial inputs for research activities, especially in the context of economic crisis, the lack of incentive for support 
of R&D within private sector, the low absorptive capacity of EU funds through Framework Programs (Sandu et al., 
2008; Sandu, 2010; RO INNO Romania, 2011; Ranga, 2010) and also the high potential of research-development 
and innovation in increasing competitiveness and economic growth not only at national level, but regionally as well 
(Goschin, 2014).  
One key problem of the Romanian R&D system continues to be its fragmentation, combined with “a lack of 
critical mass in terms of the quality of research results, poor governance and weak coordination between research 
and innovation policy and other policies, as well as very weak links between education, research and the business 
sector”(European Comission, 2012). 
The current status of the Romanian RDI system, which ranks among the least successful countries in EU for most 
of the performance indicators (PRO INNO, 2013), is an indication of deficiencies in designing and implementing the 
R&D strategies. 
In this context, our paper aims to assess the time required to close the gaps in research and development between 
Romania and the EU by means of catching-up computational methods. We analyze the likelihood of equalizing EU 
average using data on various indicators in the R&D field, under different scenarios: pessimistic, realistic and 
optimistic. 
The reminder of the paper proceeds as follows. Section 2 explains the catching-up computational methods to be 
employed in this paper. Section 3 presents the results on the time required for Romania to equalize EU average, for 
various indicators in the R&D field, over 2006-2013, while section 4 concludes. 
2. Catching-up computational methodology 
A key objective of regional policies is to close the social and economic gaps, therefore a host of methods for 
analyzing the catching-up process emerged, starting from the seminal works of Veblen (1915) and Gerschenkron 
(1962). More sophisticated models have been developed in time: Nelson and Phelps (1966) firstly used partial 
adjustment, Bruno (1993) addressed the specific nature of convergence and divergence in the labour productivity 
field, Benhabib and Spiegel (1994) further developed the partial adjustment mechanism of catching-up, etc.  
More recently Lackenbauer (2004) identified relevant R&D factors for Hungarian EU convergence, Bentzen 
(2005) applied catching-up models for time series and periods characterized by different convergence rates; Havlik 
(2005) found that highly productive sectors enable higher convergence within EU-15; Peri and Urban (2006) 
addressed the impact of FDIs on technological level of developing countries; 
The catching-up models are based on the hypothesis that if a less developed region/country has a rapid economic 
growth (higher than average) it is possible to catch-up with another region/county or the average level of a certain 
indicator. The catching-up computational methods allow for determining either the time necessary to recover a 
certain gap or the mean growth rate needed for an underdeveloped region to fill the gap over a certain period of 
time. 
Given that a region i is placed under the national average for a certain indicator y, but displays a more rapid 
annual growth index (y0i < y0 and Ii > I), it might reach the average over a time interval t:  
 
y1i = y1, where: y1i = y0i(Ii)t and  y1 = y0(I)t.      (1) 
 
 
 
† For instance, the Romanian 2007-2013 Strategy for Research, Development and Innovation has foreseen a gradual increase of the R&D public 
budget. 
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It results from the previous relations that: 
 
 y0i(Ii)t = y0(I)t,         (2) 
 
and the unknown index Ii might be determined based on logarithms of equation (2): 
 
log y0i + t log Ii = log y0 + t log I,       (3) 
 
therefore: 
 
log Ii = log I + (log y0 - log y0i) : t.       (4)  
     
Finally, the average annual growth index Ii needed for the underdeveloped region i can be computed and the 
additional resources required for reaching this target can be provided. 
If the goal is to determine the time necessary to recover a certain gap (for instance, to catch up with the national 
average of indicator y), t can be computed from equation (3), as follows: 
 
t = (log y0 - log y0i)/( log Ii - log I)      (5) 
 
We are going to apply these catching-up computational methods in order to assess both the time necessary to 
recover a R&D gaps separating Romania from EU-28 and the average annual growth rate that would allow Romania 
to close the gaps in a certain period of time, under different scenarios (pessimistic, realistic and optimistic). To this 
aim we used the average annual growth over 2005-2012 and the level of individual indicators in 2012 as initial 
information and assumed that future growth in R&D sector will follow the same trends. 
3. Results and discussion 
R&D statistics show higher than EU growth in Romania for three of the dimensions of the Summary Innovation 
Index, namely Human resources,  Intellectual assets,  Economic effects (Figure 2), making possible to recover the 
gaps only in these areas. 
Our computations on the number of years necessary for Romania to reach the EU-28 average, yielded the 
following results: Human resources 4.16 years, Intellectual assets 13.79 years, Economic effects 19.9 years, while 
for the other five dimensions of the Summary Innovation Index (SII), Romania is unable for now to narrow the gaps 
because its rate of growth is slower than the European average.  
As regards the Summary Innovation Index, efforts to equalize EU-28 average would be considerable since 
Romania should increase its annual SII rhythm of growth by four times, even in the pessimistic scenario of 30 years 
time horizon. 
 
164   Zizi Goschin et al. /  Procedia Economics and Finance  22 ( 2015 )  160 – 167 
 
 
 
Fig. 2. The Summary Innovation Index and its dimensions for Romania and EU-28 
Source: processed by authors using Eurostat data. 
 
In order to reach a more in depth insight, we selected from the variables included in the Summary Innovation 
Index those that had a rate of growth higher than EU-28: Percentage of youth aged 20-24 having attained at least 
upper secondary level education, Public R&D expenditures as % of GDP, License and patent revenues from abroad 
as % of GDP, Percentage population aged 30-34 having completed tertiary education, International scientific co-
publications per million population. Only for these five indicators (out of a total of 25variables) it is possible to 
determine the number of years necessary for Romania to reach the EU-28 level (Table 1) and the mean growth rate 
needed for Romania to recover the gap to EU-28 average (Table 2). 
 
Table 1. Evolution of selected indicators and the number of years necessary for Romania to reach the EU-28 level 
Percentage of youth aged 20-24 having attained at least upper secondary level education 
no years 
( t) 
2005 2006 2007 2008 2009 2010 2011 2012 
EU 77.4 77.9 78.1 78.5 78.6 79.0 79.5 80.2 
Romania 76.0 77.2 77.4 78.3 78.3 78.2 79.6 79.6 4.89 
Public R&D expenditures as % of GDP 
2005 2006 2007 2008 2009 2010 2011 2012 
EU 0.66 0.65 0.66 0.68 0.75 0.75 0.74 0.75 
Romania 0.20 0.23 0.31 0.41 0.28 0.28 0.31 0.30 23.10 
License and patent revenues from abroad as % of GDP 
2005 2006 2007 2008 2009 2010 2011 2012 
EU 0.35 0.35 0.36 0.41 0.53 0.55 0.58 0.59 
Romania 0.05 0.03 0.02 0.12 0.12 0.28 0.13 0.14 18.28 
Percentage population aged 30-34 having completed tertiary education 
2005 2006 2007 2008 2009 2010 2011 2012 
EU 28.0 28.9 30.0 31.0 32.2 33.5 34.6 35.8 
Romania 11.4 12.4 13.9 16.0 16.8 18.1 20.4 21.8 8.63 
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International scientific co-publications per million population 
2005 2006 2007 2008 2009 2010 2011 2012 
EU 228.7 243.7 261.2 274.9 294.5 309.7 331.3 343.2 
Romania 86.2 91.5 114.2 130.3 142.8 154.7 160.8 177.4 14.59 
Source: processed by authors using Eurostat data. 
 
The average annual growth rate that would allow Romania to close the gaps to European average level in a 
certain period of time, was estimated under different scenarios: pessimistic (30 years, therefore the resulting rate was 
the lowest), realistic (15 years) and optimistic (5 years, which required the highest rate of growth). Although the 
indicator “License and patent revenues from abroad as % of GDP” was the most dynamic over  2005-2012, our 
estimations show that an extremely rapid growth rate (almost 43% annually) would be necessary under the 
optimistic scenario of 5 years. Such high growth rate is required because of the large existing gap, but is most likely 
unattainable. Instead, the realistic scenario of 15 years seems plausible, considering that only two additional 
percentage points above the current rate of growth are required. 
 
Table 2. Mean growth rate needed for Romania to recover the gap to EU-28 average for selected indicators 
 
Indicator 
2005-2012 
mean annual 
rate 
Necessary annual growth rate to recover the 
gap in: 
30 years 15 years 5 years 
Percentage youth aged 20-24 having attained at least upper 
secondary level education 0.66 0.53 0.56 0.66 
Public R&D expenditures as % of GDP 5.96 5.00 8.26 22.33 
License and patent revenues from abroad as % of GDP 16.13 12.66 18.12 42.71 
Percentage population aged 30-34 having completed tertiary 
education 9.70 5.30 7.06 14.38 
International scientific co-publications per million 
population 10.87 8.32 10.73 20.91 
Source: processed by authors using Eurostat data. 
 
As regards the indicator “Percentage youth aged 20-24 having attained at least upper secondary level education”, 
the optimistic scenario of 5 years for closing the gap seems easy to achieve since the needed rate of growth equals 
the actual rate in the previous period (Table 2). 
International scientific co-publications per million population might recover the gap in 15 years with no 
additional effort, but would need to double the speed of growth to attain this goal in only 5 years. 
The annual rate of growth for “Public R&D expenditures as % of GDP” would need 2.3 percentage points 
increase to close the gap to EU-28 in 15 years, while the optimistic scenario of 5 years seem difficult to reach (Table 
2). 
In sum, the realistic scenario that implies a 15 year horizon for attaining the European average is the most 
plausible for the selected set of indicators. Unfortunately, the rest of 20 indicators included in the Summary 
Innovation Index are not subject to possible catching –up for the time being. 
Conclusions 
Although Romanian national strategies acknowledge R&D as a priority sector, up to now there is low 
convergence of the Romanian R&D system with the European one and the gaps remain large. In this context, our 
paper assessed the time required to close the gaps in research and development between Romania and the EU, as 
well as the mean growth rate needed for Romania to recover the gap to EU-28 average. We analyze the likelihood of 
equalizing European level in the R&D field for those indicators that had a higher than EU-28 growth over 2005-
2012. The necessary growth rate to achieve this goal is estimated under different scenarios: pessimistic, realistic and 
optimistic. We found that the time span required to fill the Romanian R&D system’s gaps against EU varies between 
5 and 25 years, depending on the indicator considered. Unfortunately, there are also R&D indicators for which the 
gaps got larger over the period under consideration, therefore catching-up seems for now unlikely.  
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The persistence of R&D inequalities calls for adequate policies able to underpin faster development of the 
Romanian RDI system, so that it may be effectively integrated in the European Research Area and Innovation Union 
and able to contribute to economic recovery and growth. 
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